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ABSTRACT 


To support the mission for the NASA Vision for Space Exploration, the NASA 
Marshall Space Flight Center conducted a program in 2005 to improve the capability to 
predict local thermal compatibility and heat transfer in liquid propellant rocket engine 
combustion devices. The ultimate objective was to predict and hence reduce the local peak 
heat flux due to injector design, resulting in a significant improvement in overall engine 
reliability and durability. Such analyses are applicable to combustion devices in booster, 
upper stage, and in-space engines, as well as for small thrusters with few elements in the 
injector. In this program, single element and three-element injectors were hot-fire tested 
with liquid oxygen and ambient temperature gaseous hydrogen propellants at The 
Pennsylvania State University Cryogenic Combustor Laboratory from May to August 2005. 
Local heat fluxes were measured in a 1-inch internal diameter heat sink combustion 
chamber using Medtherm coaxial thermocouples and Gardon heat flux gauges. Injectors 
were tested with shear coaxial and swirl coaxial elements, including recessed, flush and 
scarfed oxidizer post configurations, and concentric and non-concentric fuel annuli. This 
paper includes general descriptions of the experimental hardware, instrumentation, and 
results of the hot-fire testing for three of the single element injectors - recessed-post shear 
coaxial with concentric fuel, flush-post swirl coaxial with concentric fuel, and scarfed-post 
swirl coaxial with concentric fuel. Detailed geometry and test results will be published 
elsewhere to provide well-defined data sets for injector development and model validatation. 
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Heat Transfer is Essential to 
Exploration Mission 
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Previous engine development used mostly empirical methods and 
“test-fail-fix” design philosophy 


MSFC Program Objective - Reduce 
Local Peak Heat Flux Due to Injector 
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Conventional Injector Element Types 
Tested for MSFC Injector Program 
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Layout of Chamber Spools with Instrumentation 


Medtherm Coaxial Thermocouple 



Examples of Coaxial Thermocouple 
Layouts at Different Axial Locations 
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SECHON D-D SECTION E-E SECTION F-F 




Nozzle 
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Chamber Length 
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- Specific locations noted; evaluation in progress with CFD analyses 

Effect of selection of summary period with variable test durations 

- Heat flux naturally biased lower the later the data collected due to wall temp 

- If wall temperature not included, added variability ~ 1% 



Heat Flux Calculated From Coax Thermocouples 



Hot-Fire Duration, seconds 




Measured Heat Flux Data Fit to 
High-order Polynomial Function 





Axial Chamber Length from Injector Face, inches 





Axial Chamber Length from Injector Face, inches 



Differences Occur Around 
Critical Pressure of Oxygen (736 psia) 



Axial Chamber Length from Injector Face, inches 



Concentric Swirl Coax Versus 
Concentric Shear Coax 



Axial Chamber Length from Injector Face, inches 





Scarf Swirl Coax Nomenclature 
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Single Element Scarf Swirl Has Large 
Circumferential Heat Flux Variation 



Axial Chamber Length from Injector Face, inches 
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Marshall Space Flight Center 



C/) 

CD 

•rH 

c3 

& 

X 

W 


mpa 



Nozzle 
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3-D Combustion CFD of Offset 
Shear Coax Single Element 



flame shows significant 
effects of 3-D combustion 
flowfield due to LOX post 
offset 



Analysis of Penn State Gas/Gas Data Shows 
Effects of Instrument Body Conduction 
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